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Amendments to the Specifications: (Marked-up copy) 
BACKGROUND OF THE INVENTION 

Please replace paragraph [0001] with the following amended paragraph: 

[000 1 ] Cyolo torqu e multipli e rs in machin e tool s , s p e cifically robots, still fail 
pr e matur e ly today. Robots ar e still badly hamp e r e d by harmonic vibrations and 
insufficient rigidity. Th e lif e of many cyclo g e ars is short as is th e cas e with machine 
tools, too. This invention addresses geometric relationships and designs and the problems 
that occur with cyclo torque multipliers. Some of those problems are harmonic vibrations 
(See attached Charts 1 and 2.) and insufficient rigidity which are eliminated with the 
features described in this patent. 

Please replace paragraph [0002] with the following amended paragraph: 

[0002] FIGS. 1 5 drawings e xplain how, by th e use of th e s e g e om e tric d e sign 
arrang e m e nts and relations, a much high e r mechanical rigidity, life e xp e ctancy, and 
applicability of cyolo gears is accomplished. Th e s e d e signs incorporat e b e aring and hub 
axis, hollow c e nt e rs and hollow torqu e pins, e specially with thr ee disks and thr ee cam 
cyclo g e ar arrang e ments. Thes e inv e ntions simplify th e building of machines, particularly 
wh e n multipl e axes ar e us e d in sequ e nc e , as in bas e turn tabl e s and arm and wrist 
ass e mbly clust e rs for robots and oth e r tools. A true roll up by maximum e ngag e ment of 
th e cyclo compon e nts is guarant ee d by employing the geom e trical r e lations s hown. 
Drawings in Figure 1 (1.1 through 1.1 1] and Figure 2 (2.1, 2.2, 2.3) show that if the 
geometric design relations noted in Table 2 are used, a much higher mechanical rigidity, 
longer gear life, and easier use and application of cyclo gears is accomplished. The most 
obvious feature is a deeper tooth engagement. The result is a direct force contact. These 
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designs incorporate cyclo-bearing hub-axes with hollow shafts and hollow torque pins. 
These inventions simplify the building of machines, particularly when multiple cyclo 
axes are used in sequence, as with base cyclo turn tables and waste and cyclo arm-wrist 
assembly clusters for robots and other frequently-linked tools. With these cyclo 
inventions, a more direct and deeper, three-vector multi-line engagement of the cyclo 
components is guaranteed. Therefore, variable load vectors are controlled and 
neutralized, and they will not generate harmonic vibrations. 

Please replace paragraph [0003] with the following amended paragraph: 

[0003] Tho FIG. 6 schematic shows th e simplification of th e absolut e e ncod e r syst e m for 
s e rvos in machin e tools and robotics. Figure 3 depicts an electrical circuit that is a 
smoothening, anti-oscillating add-on filter for servo systems. Attached Charts 1 and 2 
show oscillation and vibrations that can be reduced electronically with this smoothening 
circuit by applying this patented control technology whose results are explained and 
shown graphically in Figure 4. 

Please replace paragraph [0004] with the following amended paragraph: 

[0004] Th e FIG. 7 circuit is th e smoothing, anti oscillating add on filt e r for s e rvo systems 
in machin e tools and robotics. The Figure 5 schematic shows the invention of a 
constantly powered absolute encoder system for controlling a complete servo cvclo axis. 
It is a single two-channel disk encoder with quadruple (exclusive "or" gate) up/down 
counter that is both backlash free and directly coupled to motor and cvclo axis, as well as 
to the program controller - computer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Please replace paragraph [0005] with the following amended paragraph: 

[0005] FIG. 1 inv e ntion drawings explain th e basic g e om e trical r e lationship of th e 
"cyclo modul e " to the oyolo housing/roll e r cag e , tho cyclo wave disk, and th e 
com/ e cc e ntric dim e nsions. Th e se g e ometrical d e sign relations and th e realiz e d 
simplifications or e th e basic f e atures of th e s e inv e ntions. Figure 1, Table 1, lists the key 
parts of the three-disk cyclo gear axis invention. The accompanying drawing. Figure 1.1, 
explains the basic design of the cyclo gear axis in cut view through the center of the 
assembly. 

Please replace paragraph [0006] with the following amended paragraph: 

[0006] In FIG. 2, th e basic cyclo torqu e multipli e rs are drawn with on e , two, and thr ee 
wav e disks shown in both front and cut vi e ws. Th e six driv e out pins k e pt in th e driv e 
out flang e within a capturing flang e , b e aring, and housing arrangem e nt ar e improv e m e nts 
h e r e . Th e cyclo torqu e multiplier with th e thr ee wav e disks is n e w, and it is th e l e ast 
pron e cyclo gear to load defl e ction. Th e two wav e di s k cyclo torqu e multipli e r is 
som e what op e n to outsid e load b e havior. Th e l e ast rigid and unbalanc e d cyclo torque 
multipli e r has only on e wav e disk, and it is only r e comm e nd e d for min e r low sp ee d 
applications. Figure 1.2 shows the cyclo gear axis with one sun and three planet gears 
that timely drive the three eccentrics and cyclo disks. Also revealed in the two drawings, 
Figure 1.1 and 1.2, are three hollow eccentric shafts, one hollow center shaft with sun 
gear, and three additional passageways in the containing flange. There are also six 
threaded fastening holes on each side of the axis for tying this axis to other machine 
units. There are twelve taped holes in the ID-Gear housing for fastening the high torque 
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flange to other machine parts. In total the drawings reveal seven hollow channels in the 
patented cvclo gear axis design. 

Please replace paragraph [0007] with the following amended paragraph: 

[0007] Th e circular r e lationship of cams and disks is given at 360 degr ee s divided by th e 
numb e rs of th e disks. For instanc e , 2 disks ar e 180 D e gr ee s apart, and 3 disks ar e 120 
d e gr e es apart. Figure 1.3 shows part numbers 4, 5. and 6 in cut view. This design allows 
the hallow channels that are an integral part of these inventions. 

Please replace paragraph [0008] with the following amended paragraph: 

[0008] Th e FIG. 3 cyclo g e ar torqu e system has thr e e camshafts, thr ee wave disks, thr ee 
through mounted (hollow) torqu e rods, thr ee plan e t gears, and on e sun g e ar. This is th e 
most accurat e and responsiv e d e sign arrang e m e nt in cyclo g e ars. Th e two main b e arings 
support th e driv e outs and act as axis b e arings. Significantly n e w is that th e input 
camshafts ar e in us e for th e driv e out torqu e forc e coupling, providing a play fr ee high 
torqu e conn e ction and transf e r. Th e cyclo g e ar is also a complet e axis. Applying 
pr e cision manufacturing toleranc e s, the r e spons e hyst e r es is of this d e sign is practically 
z e ro. A z e ro bacldash is r e l e vant in many applications and this cyclo d e sign fits this label. 
Figure 1.4 shows, in cut view, the assembled parts numbers 2, 3, 7, 8, 9 as they are being 
inserted into part number K which is the gear housing shown in Figures 1.5 and 1.6. 

Please replace paragraph [0009] with the following amended paragraph: 

[0009] In FIG. 1, th e heavy duty pr e cision cyclo g e ar syst e m is id e ntical with th e one in 
FIG. 3, e xcept all compon e nts are stronger for h e avy duty application. It also includes 
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on e out e r c e nt e r p e riph e ral sun g e ar for a sid e in driv e and a spac e for a l e ad through 
driv e shaft coaxial shafts, or a path through cabl e . Figure 1 .7 is identical to Figure 1.1. 
This Figure is shown side by side with Figure 1.8 to depict the three cvclo disk 
engagements that ensure equalized force distribution. 

Please replace paragraph [0010] with the following amended paragraph: 
[0010] In FIG. 5, a c e nt e r driven cyclo g e ar axis is th e e conomic oyclo axis syst e m which 
us e s compact ne e dl e- roller b e arings for total compact d e sign. Th e torqu e bars may also 
b e made hollow for l e ad through shafts, cables, etc. Th e c e nt e r e d cam shaft may b e 
maximiz e d and additionally hollow e d for coaxial shaft application. For clarity and 
simplification. Figure 1 .6 shows a one cyclo disk engagement. 

Please replace paragraph [001 1] with the following amended paragraph: 

[001 1] In FIG. 6, th e batt e ry pow e r backed, transistor to transistor logic, two chann e l 
singl e rotation e ncoder syst e m, r e place s what is curr e ntly used (i.e., the costly two scal e 
count e r e ncod e r servo syst e ms with two e ncod e rs, four chann e ls, with on e chann e l 
r e volution count e r and anti backlash g e ar down g e aring syst e m for absolut e position 
encoding). With this n e w constantly "ON" low pow e r e d batt e ry back e d e ncod e r syst e m, 
th e rotation position is always known after th e original position calibration, ev e n when 
th e main pow e r is off and disconn e cted, as long th e batt e ry is pow e ring the e ncoder. Th e 
batt e ry pow e r should supply th e e ncod e r sy s t e m for fiv e y e ars (p e r r e comm e ndation of 
this inv e ntor). A low batt e ry voltag e syst e m indicator and syst e m disabl e r is incorporated 
for saf e op e ration . Table 2 clarifies the cyclo gear relations and symbols. In this cyclo 
gear system, the gear teeth are round. The center of each tooth lays on the gear's true 
rollup diameter as shown in Figure 1.9. 

• Dl is the roll diameter of the cyclo gear. 
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• D2 is the roll diameter of the cvclo disk. 

• Zl stands for the amount of cvclo gear teeth (always a whole integer). 

• Z2 stands for the number of cvclo disk teeth and is one less than Zl here. 

• R stands for the tooth radius. 

• r stands for the arc - radius, generated by tangent of R, R, and D2. 

• O stands for the offset of the eccentric and is dimensioned as 0= R/2. 

• e stands for the angular index of the offset and here is 0, 120, 240 degrees. 

Please replace paragraph [0012] with the following amended paragraph: 



[00 1 2] Th e s ch e matics in FIG. 7 shows on e add on harmonic damping filt e r for analog 
e l e ctronic f ee dback loops. It is d e sirabl e to incr e as e th e lif e of compon e nts by r e ducing or 
e liminating harmonic vibrations. This filt e r is v e ry easy to apply and v e ry e ff e ctiv e in 
improving lif e and performanc e of machin e tool s and cyclo g e ar s . It filt e rs and imp e d e s 
vibration. Variable load deflections do influence cyclo gear engagements. However, with 
three disks in constant engagement and zero play and backlash between eccentrics and 
cyclo teeth, motor and encoder, a vibration induced by the servo and cyclo gears is not 
possible. The vibrations shown in Charts 1 and 2, therefore, are not possible with these 
cyclo axes designs. This patented cyclo gear axis velocity Chart is a straight parallel line 
to the time "t" line. 



Please replace paragraph [0013] with the following amended paragraph: 

[0013] Th e inv e ntion cyolo torqu e multipli e r, FIGS. 1 5, ar e mostly us e d in robotics 
manipulators, tooling, and production machin e s, e tc., which ar e driv e n by electric or 
hydraulic s e rvo motor s for vibration free mov e m e nts, positioning, and ind e finite 
programm e d or adaptiv e positioning. FIGS. 6 and 7 apply to th e s e rvo control part in 
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connection with th e cyclo torque multipliers. Table 3 shows samples of cvclo relations 
starting with only three teeth up to 61 teeth. Gear ratios up to 500/1 are recommended 
with the Figure 2 type cvclo design and 1500/1 with fore-set planetary gear as in the 
Figure 1 type cyclo design. 

Please replace paragraph [0014] with the following amended paragraph: 

[0014] Th e basic geom e trical relations ore giv e n in FIG. 1 along with th e relations of th e 
cyclo modul e . Th e oyclo modulo relat e s to the roll e r siz e and spacing, th e diam e t e r pitch, 
tho roll up dimension, the roller spacing, the cam offset siz e , and the cyclo wave disk 
dim e nsion s . Figure 1.11 shows how this geometrical system fits together and how easily 
it can be expanded. It is an economic and ridged high torque system that fits low, 
medium, and high lot manufacturing technologies such as casting, powder metal pressing, 
stamping, and CNC manufacturing. 

Please replace paragraph [0015] with the following amended paragraph: 

[0015] In FIG. 1 (#1.1), tho oyclo housing carries tho slip fitted roll e rs (#1.3). The wave 
di s k(#1.2) is mount e d conc e ntric with b e arings to th e cam (#1.1). Th e high torqu e driv e 
out is accomplish e d with th e pins and b e aring bushings (#1.5). Th e driv e out pins ar e 
pr e ss fitt e d into th e drivo out flang e . In Figure 2, the basic cyclo torque multipliers are 
drawn with one, two, and three wave disks. There is only one centered eccentric driving 
shaft. But there are six hollow drive-out pins with sleeves kept between in the drive-out 
flanges. The hub-axis, bearing and housing arrangement are improvements here. The 
cyclo gear and cyclo disks and their relations are identical to the one shown under Figure 
1. The expandability of the cyclo axes design is featured here again. 
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Please replace paragraph [0016] with the following amended paragraph: 

[00 1 6] FIG. 2 shows the cantil e v e r e d pin driv e out cyclo torqu e multipli e r ass e mbly with 
on e , two, and thre e wav e disks (#2.2 cut views) and cam with b e arings (#2.1). Th e driv e 
out pins ar e pr e ss fitted into th e drive out flang e (#2.10) that transmit th e high torqu e 
g e n e rat e d by th e crank f s rotation. Th e cams do engag e th e wav e disks with the roll e rs. 
Th e rigid center location of th e com shaft to th e roll e r cag e housing, th e driv e out flang e 
(#2.10), bearing (#2.6), sides housing (#2.8), and cycle housing/roller cag e , is secured 
herer- The radial eccentric index (e) is given at 360 degrees divided by the numbers of the 
disks. For instance, two disks are 180 degrees apart and 3 disks are 120 degrees apart. 

Please replace paragraph [00 1 7] with the following amended paragraph: 

[00 1 7] FIG. 3. Th e pr e cision cyclo gear system and torqu e multiplier ass e mbly shows th e 
drive out pins (#3.5) do rigidly conn e ct th e two opposing driv e out flang e s. Th e 
contain e d forc e g e nerating by th e input torque by way of on e sun g e ar (#3.9), thr ee plan e t 
gears (#3.10), and three cams (#3.1) rotate wave disks (#3.2) around counteracting rollers 
(#3.3) and the cyclo housing/roller cage (#3.1). The cams (#3.1) and wave disks (#3.2), 
by way of play fr ee b e arings, transmit th e output torque to the high torque output flang e s. 
The schematic in Figure 3 shows one add-on harmonic damping filter for the analog 
electronic velocity feedback loop. It is desirable to increase the life of servo components 
by reducing or eliminating harmonic vibrations. This filter is very easy to apply and is 
effective in improving life and performance of machine tools and cyclo gears. It filters 
and reduces vibration. 

Please replace paragraph [0018] with the following amended paragraph: 
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[00 1 8] The output torquo-0.98. times. 1/i.timoo.input torquo. Th e se syst e ms aro very 
effectiv e . The results of the frequency shift filter of Figure 3 schematics are shown as 
trace curves in Figure 4. Considering any velocity vibrations, the high amplitude spikes 
will be countered by attenuating and delaying the velocity signal to work against the 
periodic movements. This is called oscillation and velocity vibration damping by 
electronic means. This is an active countermeasure and is part of these inventions. 

Please replace paragraph [0019] with the following amended paragraph: 

[00 1 9] The hollow center (#3.11) make coaxial lead through possible. The throe hollow 
driv e out pins (#3.5) allow the lead through of cabl e s, shafts, etc. Becaus e of th e two 
bearing system, th e radial and axial loads can b e higher as in the loads of a cantil e v e r e d 
syst e m. Th e rigidity of this syst e m is so high that harmonic oscillation is e liminat e d. Or, 
if brought in by th e input rotation, they are reduc e d by th e total lin e ar gear ratio of th e 
syst e m. Figure 5 shows the schematics of the battery power back-up transistor to 
transistor logic with two-channel single disk quadrupling encoder up/down counters. It 
will replace what is currently in use which is an assortment of different geared disk 
encoders with a multitude of counters. With this new invention which is a constantly 
"ON", low-powered (infrared) battery-backed encoder system, the rotation position is 
always known even when the main power is turned off lost, or interrupted, as long as the 
battery is powering the encoder. The battery power should supply the encoder and 
counter for a minimum of five years. A low battery voltage interlock is mandatory. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Please replace paragraph [0020] with the following amended paragraph: 
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[0020] FIG. A. This precision oyolo gear system is basically similar to th e previous one 
shown und e r FIG. 3 e xc e pt it is th e h e avy duty v e rsion of it. It also shows how a 
p e ripheral plan e tary sun g e ar may b e used for driving it on with a timing bolt, e tc. The 
heavy duty cyclo g e ars may b e used for turn tabl e s, out lay e r arms, etc. The easy us e is 
accomplish e d b e cause it is a bacldash free cyclo g e ar axis with four l e ad through 
opportunities, on e c e nter (#1.11) and thr ee hollow torque rods. When extremely high 
loads n ee d handling, roller, and cross roller bearings (#4.6) will be incorporat e d. The 
cyclo torque multipliers and controls are used in robotics manipulators, tooling, and 
production machines and in many industries. They are basically powered and driven by 
electric or hydraulic servo motors for doing work, such as positioning and flexible 
programming to do adaptive moves and locating. 

Please replace paragraph [0021] with the following amended paragraph: 

[002 1 ] FIG. 5. A most e conomic h e avy duty cyclo torqu e ax e s with on e c e nt e r driv e n 
cam shaft (#5.1) and six hallow torqu e pins and n ee dl e bearings (#5.5) is the most 
compact and rigid. The ax e s b e arings (#5.6) ar e d ee p groov e ball bearings. As with all 
th e oth e r cyclo g e ar torqu e multipli e rs, the thre e wav e disk (#5.2) syst e m is th e most 
vibration fr ee system. All shafts ar e seal e d with lip s e als to allow s e mi liquid lubrication 
for a long g e ar lif e . Since the invention of the wheel, man has unsuccessfully tried to 
understand and document all important geometrical relations of the cyclo drive. The 
inventor of this patent has achieved the simplification of the cyclo gear with all the 
necessary geometrical relations as shown in Table 2. Important features are the depths of 
the gear contacts, overall engagement and tooth spacing. 

Please replace paragraph [0022] with the following amended paragraph: 
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[0022] FIG. 6. This sch e matics shows the inv e ntion of an in e xp e nsiv e absolut e rotating 
e ncod e r or shaft e ncod e r. With th e r e charg e abl e batt e ry (#6. 4 ) th e LED (#6.2) g e n e rat e s a 
light b e am. The angular rotation e ncod e r (#6.1) has tran s par e nt circular windows that l e t 
th e light path through or stop it. Th e light will trigg e r th e photo transistors (#6.3) ON and 
OFF, making squar e puls e s in th e chann e l A and B. If th e Chann e l A puls e is l e ading, th e 
up oount e r is counting with increasing counts. If th e Chann e l B puls e is l e ading, th e n th e 
down count e r is decr e asing th e counts. Th e counts repr e s e nt an ax es or g e ar positions in 
machin e tools, robot s , e tc. Th e shift r e gist e r (#6.5) allows a comput e r, for instance, to 
acc ess th e count e r data for position v e rification on start up, during calibration of th e axes, 
e tc. B e caus e th e batt e ry r e charges when th e machin e is pow e r e d and th e count e r is in us e , 
th e batt e ry is pow e ring th e count e r at all tim e s. This arrang e m e nt constitut e s an 
in e xp e n s iv e absolut e count e r. This syst e m r e duces th e absolut e e ncod e r cost by about 
65%, and incr e as e s th e absolut e e ncoder r e liability by a minimum of 300%, b e caus e of 
f e w e r compon e nts in u se . The cvclo module is the radius of the cvclo tooth or roller 
radius. The gear pitch diameter is the cyclo-module times the number of teeth and it 
represents the roll-up diameter. The arc roller spacing is also the diametrical pitch. The 
eccentric offset size "O" is the cvclo module "R" multiplied by 0.5. 

Please replace paragraph [0023] with the following amended paragraph: 

[0023] FIG. 7. This circuit is a smoothing, anti oscillating add on filt e r for servo syst e ms. 
In e rtia, imbalanc e , and manufactur e d imp e rf e ction, influ e nc e rotating shafts, g e ars, and 
machin e e l e m e nts. This imp e rf e ction quit e oft e n shows up as vibration and oscillation. 
S e rvo driv e s, b e caus e of th e f ee dback, stimulate th e vibration e sp e cially if th e s e rvo 
r e spons e is working in a high gain mod e . To minimiz e or e liminat e this problem, the add 
on - filt e r for s e rvo syst e ms was invent e d. Figures 1.1 through 1.8 show how the eccentric 
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shafts, with the bearings and the flanges, together with the cyclo ID-Gear housing, 
generate high torque. Because of the three cvclo disks and the deep and direct radial 
contact, the force deflection is neutralized. The shock safety load of this cyclo gear 
design is very high. There is practically zero load deflection because of the short drive in 
and drive out shafts which are supported at both ends. 

Please replace paragraph [0024] with the following amended paragraph: 

[0024] At th e #7.1 nod e , th e se rvo (corr e ctional) signal e nt e rs into the amplifi e rs. The 
undamp e d signal becomes th e und e rdamp e d signal at th e n e xt fr e qu e ncy cycl e , and th e 
und e r damp e d (#7.6) curv e incr e as e s to a saturation point. At nod e #7.2 (based on th e Rl, 
CI tim e constant), a shift and an att e nuation of th e signal will occur. At nod e #7.3, th e 
f ee dback signal (coupl e d by CI and th e R2, Rl) is furth e r damp e d. Th e damping curv e 
(#7.7) is most d e sirabl e . Th e highly damp e d curv e (#7. 8 ) is mor e e asily tim e d up than th e 
curv e (#7.7) for a mor e specific application. The output torque equals 0.98 x gear-ratios x 
input torque. This cyclo gear axis efficiency is very high 98%. 

Please add the following new paragraphs after [0024]: 

[0025] The large hollow eccentric shafts make coaxial lead-through possible. The seven 
hollows allow passing through of cables, shafts, etc. Because of the two bearing supports 
of the axis system, the radial and axial loads can be much higher as in cantilevered drive- 
out cyclo systems. 

[0026] The Figure 3 circuit is a dampening anti-oscillating add-on filter for servo systems 
velocity signal. Inertia, imbalance, cantilevered drive-out, one and two disks cyclo 
systems without bearing support, and manufactured imperfection influence rotating 
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shafts, gears, and machine elements. These imperfections quite often show up as 
vibration and oscillation. Servo drives, because of the feedback, and the phase delays 
stimulate vibration especially if the servo response is working in a high-gain mode. To 
minimize or eliminate this problem, the add-on-filter for servo systems was invented. 

[00271 At Figure 3, the servo correctional signal enters the servo amplifier. Without the 
servo filter one of the following signals becomes an under-damped signal, as shown in 
Figure 4. But with the servo frequency and damping filter installed, the Figure 4 signal 
looks like the critically-damped signal. Connecting the servo Amplifier Output to CI, an 
added delay will be added and the trace will look like the critical-damped and delayed 
signal. Without the Figure 3 frequency shift and damping filter, vibrations shown in 
Chart 1 and 2 are standard. However, the cyclo axes inventions shown here, together with 
the servo filter and absolute encoder system will perform smoothly for many productive 
decades. 

[0028] The Figure 5 schematic shows the invention of the new absolute rotating encoder. 
The rechargeable battery will power the LED and will emit a light beam. The angular 
rotation encoder has transparent slot windows that let the light path through or stop it. 
The light will trigger the photo-transistors ON and OFF, making electric square pulses in 
the channel A and B. If the Channel "A" pulse is leading, the up-counter is counting with 
increasing counts. If the Channel "B" pulse is leading, then the down-counter is 
decreasing the counts. The counts represent an axis or gear positions in machine tools, 
robots, etc. The shift register allows a computer, for instance, to access the counter data 
for position verification. The battery is charging when the system is powered. The battery 
is powering the axis counter at all times. This arrangement constitutes an inexpensive 
absolute counter. This system reduces the absolute encoder cost noticeably and increases 
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the absolute encoder reliability by a minimum of 1000% because of fewer components in 
use. The cvclo axes positioning is very reliable and completes the system. 



Page 15 of 33 



